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Abstract 
During environment testing，the time histories of some dynamic environments follow non-Gaussian distribution. It is always as-
sumed that the random vibration simulated follows Gaussian distribution, because the traditional digital random vibration control system 
can only supply the random vibration excitation signal of Gaussian. To simulate the real environment of product, a method is developed 
in this paper that can generate non-Gaussian random signal with specified power spectrum density (PSD), skewness and kurtosis by shot 
noise. In this way, non-Gaussian random vibration can be produced on traditional electrodynamic shaker. It solves the problems of spec-
tral valley and energy shortage in low frequency on omni-axis shaker. At last, the wavelet is used to analyze the non-Gaussian signal.  
Keywords: non-Gaussian; shot noise; skewness; kurtosis; wavelet 
1 Introduction* 
It is well known that most actions on physical 
systems and time histories of some dynamic envi-
ronments will follow non-Gaussian distributions. 
For some environments, a structure with non-Gaus- 
sian vibration response is easy to be damaged than 
that with Gaussian vibration response. It is because 
that the peak vibration levels of non-Gaussian vi-
bration are always larger. However, it is always as-
sumed that the simulated random vibration will fol-
low Gaussian distribution, because the traditional 
digital random vibration control system can only 
supply the random vibration excitation signal of 
Gaussian. To simulate the field excitation correctly 
in environment testing, it is necessary to generate 
realizations of non-Gaussian vibration on shakers. 
This demand has been declared in the comprehen-
sive studies on the operational data records in the 
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U.S. Army Combat System Test Activity for trucks 
and trailers as well as for tracker vehicles[1-2].  
In the reliability enhancement test, the omni- 
axis shaker is always used for it can provide multi- 
axial accelerations (X, Y and Z) and six degrees of 
freedom synchronously, and the random vibration 
signal on it follows non-Gaussian distribution. But 
it has serious shortcomings. By sampling vibration 
data of the electrodynamic shaker and the omni-axis 
shaker, the PSDs of the electrodynamic shaker and 
the omni-axis shaker are got at the same vibration 
level, as shown in Fig.1. Spectral valley and energy 
shortage in low frequency of omni-axis shaker can 
be found in Fig.1. In addition, the frequency spec-
trum of the omni-axis shaker is inherent and can not 
be controlled. Therefore, it is necessary to use elec-
trodynamic shaker in reliability enhancement test, 
due to its ability of exciting defects in low fre-
quency and controllable frequency spectrum. A 
method is presented here for zero mean 
non-Gaussian random process with a specified 
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spectral density, skewness, and kurtosis that can 
generated by shot noise. The generated time histo-
ries can be used to simulate the random vibration 
for testing purpose. 
 
Fig.1  Comparison of the PSD of electrodynamic shaker 
and omni-axis shaker at the same vibration level. 
Some similar studies were developed in the 
world. Steinwolf A and Jiang Yu[1,4,7] achieved ex-
citing signals of non-Gaussian by second phase 
modulation respectively. But it often causes har-
monic distortion and discontinuities will exist at the 
frame boundaries. Window used to remove the dis-
continuities will change the distribution toward 
Gaussian. 
2 Generation of Non-Gaussian Time Hist- 
  ories of Zero Mean with Specified PSD,
  Skewness and Kurtosis 
2.1 Mathematical background 
Shot noise is used in this paper to generate vi-
bration signal of non-Gaussian with zero mean. It 
can be defined as a process shown in Eq.(1)[3]: 
( ) ( )i i
i
x t q h t t= −∑            (1) 
where h(t) is a known function of time, and Eq.(1) 
represents an infinite sum of the function which is 
achieved by a translation of h(t) with ti, and ti indi-
cates the random that the dots on the time axis fol-
low exponential distribution with the density of λ. 
The process of x(t) can also be regarded as the out-
put of a linear system whose impulse response is h(t)   
with the input z(t). qi stands for the area of the im-
pulse. In this paper, it is assumed that z(t) is a se-
quence of impulses which follows the distribution 
of Poisson with the mean of λ.                                                                              
There are two ways to define qi. In the first 
way, qi can be described as a process that follows 
Gaussian distribution. In the second way, qi can be 
randomly chosen from two parameters of qx and qn 
with each probability of 0.5. In this paper, the first 
one is often induced to unsolvable. Therefore, the 
second one is used, and any kurtosis larger than 3 
can be achieved.  
If qi and ti are independent and ti is longer than 
the duration of h(t), the first four moments of the 
second method can be shown as follows 
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where            ( )dnnh h t t
− −∞
+∞= ∫             (3) 
To be a zero means process, 1 0h
− = must be 
suited. 
Skewness and kurtosis are defined as Eq.(4), 
and ( ) 0E X =  in this paper. Skewness is always 
used to evaluate the symmetry of random process, 
and kurtosis is the measurement of the peaks of 
process 
{ }
{ }
3
3
2 2
4
22
[ ( )]
[ ( )]
[ ( )]
[ ( )]
E X E XS
E X E X
E X E XK
E X E X
⎫−= ⎪⎪− ⎪⎬− ⎪= ⎪− ⎪⎭
         (4) 
To the time history of Gaussian kurtosis is 3 
and S equals to 3, and kurtosis of non-Gaussian is 
greater than 3. 
2.2 Simulation procedure and examples 
In this paper, the reference spectrum in log-log 
coordinate is chosen as shown in Fig.2. The impulse 
response function h(t) can be estimated by using  
Eq.(5): 
1~
2π 2 e d fti xxh G f
−∞
+∞= ∫   0, , ( 1)2Ni = ⋅⋅⋅ −    (5) 
where N is the block size. 
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Fig.2  Reference spectrum. 
For this example, N is chosen equal to 4 096, 
and the frequency resolution is 1 Hz. The window 
used is a Hanning window. Then the solutions of  
h(t) are 1 0h
− = , 2 0.065 273h
− = , 3 0.015 640h
− =  and 
4 0.004 913h
− = .  
The nth impulse is at the ln th sample number 
on the time axis, 
1 round( )n n nl l k t−= + Δ           (6) 
where tΔ  is the sample interval. kn is the independ-
ent number generated from an exponential distribu-
tion with a mean of λ, and round() means round to 
the nearest integer, and 1 1l = . Then the time of the 
nth impulse can be described as 
n nt l t= Δ                 (7) 
In this case, a skewness of 0 and a kurtosis of 
10 are achieved. By using the combination of Eqs.(2) 
and (4), the solution can be obtained as follows, 
1.1531λ = , 193.9xq = , 193.9nq = −  
This method can be proved by test on electro-
dynamic shaker. The time histories are generated as 
shown in Fig.3, and the spectrum is got as shown in 
Fig.4, in which the reference spectrum is shown by 
real line. The skewness and kurtosis of the gener-
ated time histories are 0.015 6 and 9.861, which are 
computed by the functions of “skewness()” and 
“kurtosis()” respectively in MATLAB. This proves 
the correctness of the method used in this paper. 
Through using “ksdensity()” in MATLAB on 200 
teams of data, the probability density of the gener-
ated time histories can be shown in Fig.5. The peak 
feature and long tails of non-Gaussian can be seen 
from it. 
 
Fig.3  Time histories with non-Gaussian distribution. 
 
Fig.4  Power spectral density for non-Gaussian signal. 
 
Fig.5  Probability density of generated time histories. 
3 Analysis by Wavelet 
Daubechies wavelet is used to analysis the vi-
bration signal generated. Fig.6 and Fig.7 show the 
amplitudes of the signals in frequencies of 1 Hz to 
512 Hz and 512 Hz to 1 024 Hz, respectively. Then 
a conclusion can be arrived that the method in this 
paper solves the problems of spectral valley and 
energy shortage in low frequency on omni-axis 
shaker. 
 
Fig.6  Amplitude of vibration signal (1 Hz-512 Hz). 
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Fig.7  Amplitude of vibration signal (512 Hz-1 024 Hz). 
4 Conclusions 
A method to generate realization of non-Gaus-
sian vibration signals with specified skewness and 
kurtosis by using shot noise is presented. The gen-
erated time histories can be used to simulate the 
random vibrations for testing purpose. This makes it 
possible to use electrodynamic shaker in the 
reliability enhancement test. Applying this method 
on electrodynamic shaker solves the problems of 
spectral valley and energy shortage in low 
frequency on omni-axis shaker. 
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